It has been proposed 1 theoretically that the first generation of stars in the Universe (population III) would be as massive as 100 solar masses (100 M ( ), because of inefficient cooling 2-4 of the precursor gas clouds. Recently, the most iron-deficient (but still carbon-rich) low-mass star-HE010725240-was discovered 5 . If this is a population III star that gained its metals (elements heavier than helium) after its formation, it would challenge the theoretical picture of the formation of the first stars. Here we report that the patterns of elemental abundance in HE010725240 (and other extremely metal-poor stars) are in good accord with the nucleosynthesis that occurs in stars with masses of 20-130 M ( when they become supernovae if, during the explosions, the ejecta undergo substantial mixing and fallback to form massive black holes. Such supernovae have been observed 7 . The abundance patterns are not, however, consistent with enrichment by supernovae from stars in the range 130-300 M ( . We accordingly infer that the first-generation supernovae came mostly from explosions of ,20-130 M ( stars; some of these produced iron-poor but carbon-and oxygen-rich ejecta. Low-mass second-generation stars, like HE010725240, could form because the carbon and oxygen provided pathways for the gas to cool.
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The abundance pattern of HE010725240 is characterized by very large C/Fe and N/Fe ratios, while the abundances of elements heavier than Mg are as low as that of Fe (Fig. 1) . How could this peculiar abundance pattern have been formed? We note that this is not the only extremely metal-poor (EMP) star to have large C/Fe and N/Fe ratios-several other such stars have been discovered [8] [9] [10] . Therefore a reasonable explanation of the abundance pattern should also apply to other EMP stars.
Before describing our model, we examine two alternative explanations of the abundance pattern of C-rich EMP stars 5 . These explanations assume that small-mass stars formed from EMP gases, and that carbon was enhanced after the formation. The first is mass transfer from a companion star. This explanation suffers from two difficulties.
(1) Not all EMP stars have observational evidence for the existence of companion stars, though further observations to obtain radial velocity data are necessary 11 . (2) Some EMP stars (for example, CS229492037 and CS294982043) have a relatively large Si abundance, [Si/Fe] < 1 (refs 8-10). (Here ½A=X ¼ log 10 ðN A =N X Þ 2 log 10 ðN A =N X Þ ( ; where the subscript ( refers to the Sun and N A and N X are the number densities of elements A and X respectively.) The overabundance of Si is very difficult to explain by mass transfer from companion AGB stars.
The second explanation is matter accretion onto a population III star during repeated passages through the Galactic disk 6 . This model alone cannot explain the large abundance of C and N-for example, in HE010725240, with [C/H] ¼ 21.3. Therefore, C and N need to be produced in the interior of the EMP stars. Recently, nucleosynthesis in the low-mass population III stars was studied extensively 12, 13 . Such studies reveal that C and N abundances can be significantly enhanced if mixing is efficient during the He-flash in the core at the tip of the red-giant branch. However, HE010725240 is identified as a low-mass (,0.8 M ( ) red giant 5 , and thus this mechanism is not likely to operate.
Here we consider a model in which C-rich EMP stars are produced in the ejecta of (almost) metal-free supernovae mixed with EMP interstellar matter. We use population III pre-supernova progenitor models 14 , simulate the supernova explosion, and calcu- letters to nature late detailed nucleosynthesis. The elemental abundances of one of our models are in good agreement with HE010725240 ( Fig. 1 ). In this model, the progenitor mass is 25 M ( and the explosion energy
The resultant abundance distribution is shown in Fig. 2 . The processed material is assumed to mix uniformly in the region from M r ¼ 1.8 M ( to 6.0 M ( (where M r denotes the lagrangian mass coordinate measured from the centre of the pre-supernova model). Such a large-scale mixing was found to take place in SN1987A and various explosion models 15, 16 . Almost all material below M r ¼ 6.0 M ( falls back to the central remnant and only a small fraction (factor f ¼ 2 £ 10
25
) is ejected from this region. The CNO elements in the ejecta were produced by pre-collapse He shell burning in the He layer, which contains 0.2 M ( With this 'mixing and fallback' , the large C/Fe and C/Mg ratios observed in HE010725240 are well reproduced. In this model, N/Fe appears to be underproduced. However, N can be produced inside the EMP stars through the C-N cycle, and brought up to the surface during the first dredge-up stage while becoming a red-giant star 17 . This 'mixing and fallback' is commonly required to reproduce the abundance pattern of typical EMP stars 14 . In Fig. 3 we show a model that is in good agreement with CS22949 2 037. This star has [Fe/H] < 2 4.0 and is also C and N rich 10 , though C/Fe and N/Fe ratios are smaller than HE010725240. This model is the explosion of a 30 M ( star with E 51 ¼ 20. In this model, the mixing region ðM r ¼ 2:33-8:56 M ( Þ is chosen to be smaller than the entire He core ðM r ¼ 13:1 M ( Þ; in order to reproduce relatively large Mg/Fe and Si/Fe ratios. Similar degrees of mixing would also reproduce the abundances of CS29498 2 043 (ref. 9), which shows a similar abundance pattern. We assume a larger fraction of ejection, 2%, from the mixed region for CS22949 2 037 than HE010725240, because the C/Fe and N/Fe ratios are smaller. The ejected Fe mass is 0.003 M ( . The larger explosion energy model is favoured for explaining the large Zn/Fe, Co/Fe and Ti/Fe ratios 14 . Without mixing, elements produced in the deep explosive burning regions, such as Zn, Co and Ti, would be underproduced. Without fallback, the abundance ratios of heavy elements to lighter elements, such as Fe/C, Fe/O and Mg/C would be too large.
In this model, Ti, Co, Zn and Sc are still under-produced, but these elements may be enhanced efficiently in aspherical explosions 18 . Almost the same effects as the 'mixing and fallback mechanism' are realized if the explosion is jet-like, although the total energy can be smaller if the beaming angle of the jet is small. Similarly, the 'mixing and fallback' process can reproduce the abundance pattern of the typical EMP stars without enhancement of C and N. We have shown that the ejecta of core-collapse supernova explosions of 20-130 M ( stars can well account for the abundance pattern of EMP stars. In contrast, the observed abundance patterns cannot be explained by the explosions of more massive, 130-300 M ( stars. These stars undergo pair-instability supernova and are disrupted completely 14, 21 , which cannot be consistent with the large C/Fe ratio observed in HE010725240 and other C-rich EMP stars. Also, the abundance ratios of iron-peak elements ( We have also shown that the most iron-poor star, as well as other C-rich EMP stars, is likely to be enriched by massive supernovae that are characterized by relatively small Fe ejection. Such supernovae are not hypothetical, but have been observed, forming a distinct class of type II supernovae ('faint supernovae') 24 . The prototype is SN1997D, which is very underluminous and shows quite narrow spectral lines 7 : these features are well modelled as an explosion of a 25 M ( star ejecting only 2 £ 10 23 M ( 56 Ni with small explosion energy E 51 < 0.4 (ref. 7). SN1999br is a very similar faint supernova 25 . On the other hand, typical EMP stars without enhancement of C and N correspond to the abundance pattern of energetic supernovae ('hypernovae' 24 ). For both cases, black holes more massive than ,3-10 M ( must be left as results of fallback, suggesting copious formation of the first black holes from the first stars. These black holes may make up some of the dark mass in the Galactic halo.
In There is still no universally accepted theory of high-temperature superconductivity. Most models assume that doping creates 'holes' in the valence band of an insulating, antiferromagnetic 'parent' compound, and that antiferromagnetism and hightemperature superconductivity are intimately related 1-8 . If their respective energies are nearly equal, strong antiferromagnetic fluctuations (temporally and spatially restricted antiferromagnetic domains) would be expected in the superconductive phase, and superconducting fluctuations would be expected in the antiferromagnetic phase 7 ; the two states should 'mix' over an extended length scale 8 . Here we report that one-unit-cell-thick antiferromagnetic La 2 CuO 4 barrier layers remain highly insulating and completely block a supercurrent; the characteristic decay length is 1 Å , indicating that the two phases do not mix. We likewise found that isolated one-unit-cell-thick layers of La 1.85 Sr 0.15 CuO 4 remain superconducting. The latter further implies that, on doping, new electronic states are created near the middle of the bandgap. These two findings are in conflict with most proposed models, with a few notable exceptions that include postulated spin-charge separation 2 . In a radical departure from the conventional theory of metals and superconductivity, Anderson proposed 1,2 that the basic physics of high-temperature superconductivity (HTS) is captured in a singleband Hubbard model hamiltonian. This approach has pervaded theoretical thinking about copper oxides. For zero (or very low) doping, the ground state of this hamiltonian should be an antiferromagnetic (AF) Mott-Hubbard insulator (MHI); for the chemical potential m larger than some critical value m c , HTS should occur. However, the model has not been solved analytically, and specific predictions are frequently made at the expense of additional strong assumptions. Demler et al. 8 predicted that the correlation length for the superconducting proximity effect across an AF phase should be very long, and hence supercurrent should flow through a thick barrier in HTS/AF/HTS trilayer junctions. Their derivation was based on the SO(5) model 7 , but their conclusion is in fact more general: as long as HTS and AF phases are nearly degenerate, the proximity effect ought to be strong.
For the present study, we synthesized a number of superconductor-insulator-superconductor (SIS) heterostructures by stacking integer numbers of layers of La 1.85 Sr 0.15 CuO 4 (LSCO) and La 2 CuO 4 (LCO) in various sequences, using the atomic-layer synthesis capability of the advanced molecular beam epitaxy (MBE) system at Oxxel 9 . The films were essentially atomically smooth and perfect. For c-axis transport measurements, the films were patterned into Figure 1 The structure of the SIS 'sandwich' junctions studied here. Either LaSrAlO 4 (LSAO) or SrTiO 3 (STO) is used for the substrate. The top and the bottom HTS electrodes are made of LSCO. The barrier, only 1UC thick, is made of LCO, which can be switched between insulating and HTS states by annealing in vacuum or in ozone, respectively, without affecting the HTS LSCO electrodes 10 . Two Au contacts to the top LSCO electrode and two to the bottom one allow for four-point contact transport measurements. Film perfection was ensured by reflection high-energy electron diffraction (RHEED) monitoring in-situ, and subsequent detailed characterization by X-ray diffraction (XRD) and AFM 10 . XRD showed very high crystallinity, absence of any secondary phases, rocking curves with full-width at half-maximum of 0.18 (indicating that the crystalline coherence length was equal to the film thickness), and pronounced low-angle reflectance oscillations and finite thickness oscillations. AFM showed terraces and one-unit-cell-tall steps that originate in a slight miscut of the substrate from the ideal (001) orientation; the r.m.s. surface roughness over an area of 2,500 mm 2 was 0.2-0.5 nm, much less than the height of a single unit cell. A perfect top surface indicates equally smooth multilayer interfaces, all of which were formed in situ; this was critical for the success of the experiment.
